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Improved  access  to dental  care  has resulted  in  an  increase  in  waste  generation,  which  became  a main
concern  for  national  and  international  authorities  from  an environment  and  public  health  perspectives.
Lebanon  supports  the  Global  Health  Care  Waste  Project  and aims  to develop  guidelines  and  policies  to
alert  dental  healthcare  professionals  and improve  waste  management  in  dental  clinics.  This  study  pro-
vides  an overview  of  the  existing  waste  management  situation  in dental  clinics  in Lebanon.  A survey  of
waste  management  practices  in 242  randomly  chosen  dental  clinics  was  conducted  during  the  Annual
Congress  of  The  Lebanese  Dental  Association  in 2011  in  Beirut.  The  majority  of  dentists  (90%)  acknowl-
edged  a lack  of  written  procedures  for waste  management.  The  absence  of waste  segregation  at  the  source
was reported  by 71%  of  the  surveyed  dentists:  most  of  the  waste,  including  amalgam  and  infectious  waste,aste management is  manipulated  without  precaution  and  ends  up in  municipal  waste.  About  two  thirds  of  the  surveyed
dental  clinics  do not  work  according  to  local  practices  and  around  half  of  them  do  not provide  protective
clothing  or  immunisation  against  hepatit  B virus  or tetanus.  This  survey  highlights  the  need  for  capacity
building  for  dental  clinic  staff  and adoption  of  effective  measures  to  encourage  efﬁcient  and  responsible
dental  waste  management  in  Lebanon.
ublis© 2015  The  Authors.  P
. Introduction
Healthcare waste includes all waste generated within health-
are facilities, research centres and laboratories related to medical
rocedures (European Union, 2000). Between 75 and 90% of the
aste produced by healthcare providers is non-hazardous or gen-
ral waste. The remaining 10–25% qualify as hazardous waste and
s categorised as sharp, infectious (i.e. waste contaminated with
lood or other body ﬂuid), pathological, pharmaceutical, chemi-
al (i.e. ﬁlm developer, disinfectant, material with high content
f heavy metal etc.) and radioactive waste. Inadequate manage-
ent of healthcare waste represents immediate risks for healthcare
rofessionals and patients (contamination, cross-infection) and
eads to land, water and air pollution (Al-Khatib and Darwish,
004). Improper incineration of this waste, when disposed of with
unicipal waste, results in emission of pollutants which indirectly
 Contribution of authors was equal and that list is in alphabetical order.
∗ Corresponding author at: Solid Waste Management Program, Ofﬁce of the Min-
ster of State for Administrative Reform, STARCO Center, Omar Daouk Street, Minet
l  hosn District 2020 3313, Beirut, Lebanon. Tel.: +961 3682147; fax: +961 371599.
E-mail addresses: dado m3@hotmail.comand, dmawla@omsar.gov.lb
D. Mawla).
ttp://dx.doi.org/10.1016/j.enmm.2015.04.002
215-1532/© 2015 The Authors. Published by Elsevier B.V. This is an open access article 
/).hed  by  Elsevier  B.V.  This  is  an  open  access  article  under the  CC  BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
contributes to the worsening of climate change and global warming
issues (Bokhoree et al., 2014; Pan et al., 2013). The United Nations
Environment Programme estimated that by end of the 20th cen-
tury as many as 5.2 million people, including 4 million children less
than 5 years of age, die each year from waste-related diseases. In
Lebanon, according to recent research done by the Ministry of Envi-
ronment, more than 50% of healthcare waste is not treated despite
the Lebanese Decree 13389 which presents guidelines for hospitals
in Lebanon on waste management (MoE, 2004). It has therefore,
become urgent to investigate healthcare waste management and
put appropriate measures in place to ensure its improvement.
Even minor sources of healthcare wastes, such as dentistry,
should be involved in this movement. Dental waste includes swabs,
plastic, latex, glass, needles and other waste materials which are
often contaminated with body ﬂuids as well as small amounts of
chemical hazardous waste (mainly X-ray and amalgam-derived
products, such as mercury, lead and silver). According to the
Lebanese Decree 13389, these types of waste are respectively clas-
siﬁed as infectious, and hazardous non-infectious wastes. Waste
handling and management should focus on reducing the risks due
to two  issues: spread of infectious diseases and environmental pol-
lution.
The spread of infectious diseases can arise from routine proce-
dures (frequently causing exposure to blood, saliva and aerosol),
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.
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Table  1
Number of surveyed dentists, number of LDA registered dentists and percent coverage of surveyed dentists out of the LDA registered dentists by Lebanese region.
Geographical region of Lebanon Surveyed dentist (%) LDA registered dentists Percent coverage of surveyed dentist out of the LDA registered dentist
Beirut 80 (33) 983 8
Mount Lebanon 76 (31) 2065 4
Bekaa 42 (17) 310 14
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uncture by contaminated sharps and inadequate disinfection
etween patients. Special attention is given to hepatitis B and C, HIV
nd more recently tuberculosis (Ayatollahi et al., 2012). In 1990,
he United States Agency for Toxic Substances and Diseases Reg-
stry (ATSDR) estimated the annual number of people injured by
harps outside hospital facilities in the United States of America
o be between 100 and 300 for dentists, between 2600 and 3900
or dental assistants, and between 500 and 7300 for waste work-
rs (ATSDR, 1990; World Health Organization, 2014 and references
herein). The same report indicates that the number of resulting
BV infections by injury outside hospital facilities was  estimated at
ess than one for dentists, between 5 and 8 for dental assistants, and
etween 1 and 5 for waste workers (World Health Organization,
014).
Amalgam is a preparation of mercury, silver and tin with small
mounts of copper and zinc and is well known in dentistry since
he early 1800s (Mackey et al., 2014; Ferracane, 2001). The Euro-
ean Waste Catalogue lists as “hazardous” amalgam waste from
ental care (European Union, 2000). The mercury in amalgam can
e released in the air, in water and as a solid. Mercury is known to be
eurotoxic and nephrotoxic (Akbal et al., 2014; Hörsted-Bindslev,
004). Dental professionals are exposed to mercury vapour, and
tudies in this population have shown the presence of elevated
evels of mercury in the urine as well as occurrence of neu-
ological symptoms, respiratory disorders and other symptoms
f intoxication (Neghab et al., 2011; Moen et al., 2008). Dental
malgam particles used during placement or removal of amalgam
llings are often disposed of in sewers or with municipal waste,
nd contaminate water and soil (Mackey et al., 2014; Hörsted-
indslev, 2004). When incinerated, mercury is released into the
tmosphere (Pan et al., 2013). Elementary mercury which ends
p in the wastewater is converted by natural process to methyl-
ercury (UNEP, 2013) which is the most toxic form of mercury
Hörsted-Bindslev, 2004). Mercury and methyl mercury are then
ccumulated through the food chain (especially in predatory ﬁsh)
esulting in human exposure (UNEP, 2013; Clarkson et al., 2003;
hin et al., 2000). Overall, amalgam waste from dentistry is esti-
ated to be responsible for less than 1% of the total amount
f mercury released each year into the environment through
nthropogenic activities (Jokstad and Fan, 2006). However, den-
ists still have a responsibility to properly manage amalgam waste,
nd the pressure to ban its use in dental ﬁllings is increasing
World Health Organization, 2011).
Several studies highlight the fact that best practice for cross-
nfection prevention and dental waste management are still not
eing followed, especially in developing regions of the world
Yüzbasioglu et al., 2009; Koolivand et al., 2012; Mumtaz et al.,
010; Singh et al., 2012; Sudhakar and Chandrashekar, 2008;
l-Khatib and Darwish, 2004; Treasure and Treasure, 1997) and
heir introduction into general practice may  be some years away.
owever, dentists are being increasingly encouraged to adhere
o universal occupational health and safety requirements (e.g.
accination, use of protective clothing, correct handling of
ealthcare waste) and environmental and public health recom-
endations for segregation, treatment and disposal of hazardous
aste. Following an international movement which led to the adop-9
38
6
tion of regulatory measures (World Health Organization, 1999),
Lebanon worked on the development of a legal framework to reg-
ulate healthcare waste management which included dental waste
and resulted in MoE  decreee 13389 in 2004. Some initiatives have
already been undertaken in hospital facilities but the process is still
in its early stages and should be extended to all types of healthcare
facilities (UNDP/GEF/MoE, 2013).
To be able to deﬁne and put in place appropriate and effective
guidelines, laws and regulations, it is important to have a clear
idea of the quantity and nature of healthcare waste generated by
Lebanese dental clinics and how it is managed. The objective of this
study is to provide an overview of the current situation in Lebanon.
2. Material and methods
A survey of 32 questions designed to provide an overview of
current practices for handling, treatment and disposal of dental
waste in Lebanese registered dental clinics was carried out dur-
ing the Annual Congress of the Lebanese Dental Association (LDA)
in 2011 in Beirut, Lebanon. The survey was conducted among 242
randomly chosen dentists out of the 2400 attending the congress,
i.e. about 10% of the conference’s participants and about 6% of the
total number of dentists registered with the LDA (3805 in 2011).
Each interview lasted 15–25 min. The questionnaire consisted
of several parts which referred to organisation, policy, training
plans, occupational health and safety policies, planning for waste
management, waste classiﬁcation and segregation, collection and
disposal handling, and methods of recycling and treatment of con-
taminated material for each category of waste. Questions regarding
amalgam focused on the type of amalgam used in the clinic and on
the mean number of old removed and newly placed amalgam ﬁll-
ings per week. Dentists were also asked about methods of amalgam
disposal and procedures for dealing with amalgam/mercury spills.
Microsoft Excel, was  used to determine the statistical means
from the raw data and to generate column and pie charts for better
visualization of the results.
3. Results
Surveyed dentists worked in 215 private clinics and 26 poly-
clinics (one respondent did not provide information on the type of
clinic). More than 60% of respondents worked in Beirut (33%) and
Mount Lebanon regions (31%) (Table 1). Comparison of the geo-
graphical distribution of surveyed dentists and of all LDA registered
dentists showed the highest representation for North Lebanon
and Bekaa (38% and 14%, respectively, Table 1). Surveyed den-
tists reported treating a mean of 10 patients per day (range 2–50
patients).
3.1. Organisation, planning, policies, occupational health and
training90% of surveyed clinics (219 respondents) conﬁrmed the
absence of general written plans and procedures for healthcare
waste management. 109 of the 242 surveyed dental clinics (45%)
M.H. Daou et al. / Environmental Nanotechnology, Monitoring & Management 4 (2015) 1–5 3
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able options because it is less costly; in consequence, amalgam
made from elemental mercury is still largely used. A recent study
performed in Lebanon highlighted a large area of mercury contam-
ination near a dumping site in Beirut (Abi-Ghanem et al., 2011). In
Table 2
Amount of mercury released per dental clinic per week.
Type of amalgam Number of
produced amalgam
ﬁllings per clinic
per week
Amount of mercury
released per clinic
per week (g)ig. 1. Types of wastes produced by surveyed dental clinics expressed in terms of
ercent responses.
ere mercury free and 65 (27% of the surveyed clinics) had policies
nd plans for mercury phase-out.
64% of dentists (156 respondents) stated that their clinics were
n compliance with local health and safety requirements includ-
ng policies for needle injuries and exposure to blood. Among all
espondents, 45% (109 respondents) provided protective equip-
ent for the personnel who collect, transport and treat waste, and
3% (129 respondents) provided vaccination against hepatitis B
nd tetanus. 41% (99 respondents) provided training programs on
ealthcare waste management for all involved staff, i.e. dentists,
urses, assistants and waste workers.
.2. Waste classiﬁcation, segregation, collection and handling
Almost all surveyed dental clinics produced sharp (100%), infec-
ious (99%) and municipal (99%) wastes. 55–76% of the surveyed
linics generated X-ray ﬁlms and ﬁxers, lead foil, expired pharma-
euticals and amalgam (Fig. 1). The majority of surveyed dentists
71%, 172 respondents) did not perform waste segregation. For
nstance, only 28% of practitioners (68 respondents) segregated
harp waste in an appropriate container. Municipal waste bags
ere the most common way of collecting any kind of waste
sharps [59% of respondents], infectious waste [89% of respon-
ents], expired pharmaceutical products [70% of respondents],
malgam [57% of respondents] and other hazardous material [100%
f respondents]). 18 dentists reported treating their infectious
aste before disposal, either on-site (8 dentists) or off-site (10 den-
ists), using the following methods: incineration (22%), autoclave
17%) or other (17%), such as chemical sterilisation, disinfection,
pen burning in the back yard and use of antiseptic solutions. Most
f the surveyed dentists who acknowledged using amalgam dis-
osed of it either in the municipal waste (34%, 82 respondents) or
irectly in the sink (22%, 53 respondents).
.3. Methods of recycling
Most of the surveyed clinics (96%) do not perform recycling and
onﬁrmed mixing different types of waste (including X-ray ﬁxers
76%], X-ray ﬁlms [75%], lead foil [68%] and expired pharmaceutical
roducts [73%]) with the municipal waste..4. Amalgam management
125 respondents (52%) conﬁrmed that they still used amalgam
n their dental clinics. The majority of dentists who have stoppedFig. 2. Types of amalgam ﬁllings used by surveyed dental clinics.
using amalgam are from Beirut (33%) and Mount Lebanon (31%)
governorates.
33% of the clinics using amalgam (41 respondents) used elemen-
tal mercury amalgam while the others used encapsulated amalgam
(57%, 71 respondents) or both elemental mercury and encapsulated
amalgam (10%, 13 respondents) as shown in Fig. 2. In general, those
who used amalgam did not work in accordance with procedures for
management of amalgam/mercury spills (83%, 110 respondents).
9% of the surveyed dentists (12 respondents) reported using dis-
infectants, aspirators and suction devices, and manual collection
(followed by removal with water and soap while wearing protective
gloves) to deal with amalgam/mercury spills. In addition, among
surveyed dentists, 40% (96 respondents) did not have traps or ﬁl-
ters for amalgam separation meaning that amalgam waste ends up
in the wastewater. An average of 9.1 newly placed amalgam ﬁllings
per week per clinic is reported in this study. One  unit of amal-
gam ﬁlling (equivalent of one small ﬁlling) is estimated to release
around 0.55 g of mercury (Al-Khatib and Darwish 2004); therefore,
the weekly total amount of mercury released can be estimated in
this study at 9.57 g/clinic.
Mercury waste is also produced during the removal of old amal-
gam ﬁllings. The weekly average number of removed amalgam
ﬁllings per clinic in this study was  reported to be 3.5. Considering
that each removed ﬁlling can release 2 units of mercury, the associ-
ated weekly amount of mercury release is estimated at 3.85 g/clinic.
The total weekly release of mercury from amalgam waste is there-
fore estimated at 13.42 g/clinic (Table 2).
4. Discussion
This survey highlights the absence of waste segregation at the
source which is essential for public health and safety, and pollution
prevention. Main concerns arise from amalgam waste which is a
source of mercury contamination, and from infectious waste which
can pose public health issues.
Replacement of amalgam by environmentally friendly alterna-
tives would allow mercury waste to be minimised. However, in
Lebanon, many patients prefer amalgam ﬁllings over other avail-Removed old amalgam 3.5 3.85
Newly placed amalgam 9.1 9.57
Total 12.6 13.42
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ddition, high levels of mercury were found in Lebanese fresh ﬁsh
ompared to processed ﬁsh (Obeid et al., 2011). Although these
ublications did not evaluate or discuss the source of contamina-
ion, Lebanese dental clinics, as an important source of mercury
eleased into the environment, should make every effort to properly
andle and dispose of amalgam waste in order to reduce land-
ll contamination with mercury. In this study the mean amount
f mercury released from Lebanese dental clinics is estimated
t 13.42 g per week per clinic. If we consider that about half of
he clinics in Lebanon still use amalgam and that they all gener-
te the same quantity/week, the total amount released would be
bout 25 kg/week. Therefore, dentists placing or removing amal-
am ﬁllings should have an appropriate system to avoid release of
ercury in the wastewater. Conventional traps and ﬁlters mounted
ith suction systems are able to capture some of the amalgam
aste, and the rest ends up into the municipal sewer system. Addi-
ional systems should therefore be used. Adegbembo et al. (2002)
howed that ISO certiﬁed separators (International Organisation
or Standardisation 11143, 2008) used in connection with dental
evices can result in a 99.4% reduction in mercury concentration
n the discharged wastewater. If the level of mercury in wastewa-
er is still high after installation of a separator, this is probably due
o amalgam that has settled in the water pipes. The replacement
f old pipes should therefore be considered. It is also of utmost
mportance that dental personnel are properly trained to use and
aintain the installed system. Alternative solutions for removing
ercury from wastewater include the use of an aqueous solution of
olymers, which reduces the amount of mercury in dental wastew-
ter by 99.99% (Pederson et al., 1999).
Apart from the environmental problems, mercury, if improperly
andled, may  have an impact on dental clinic staff and potentially
n visitors. A study performed on 99 Lebanese dentists showed
hat although the overall mean level of mercury measured in the
air of the participating dentists (4.1 g/g) was below the safe
aseline of 5 g/g, 25% of them had a mercury level above the
afe baseline (Harakeh et al., 2002). The main contributing fac-
or to high levels of mercury was the number of patients seen
er day (Harakeh et al., 2002). Several studies have reported that
levated urinary mercury levels were associated with reports of
eurobehavioural effects, such as poor concentration, somatosen-
ory irritation, fatigue, memory problems, and sleep disturbance
Neghab et al., 2011; Moen et al., 2008; Echeverria et al., 1995; Ngim
t al., 1992). Interestingly, in the study of Harakeh et al. (2002), con-
inuous use of gloves and masks was associated with a signiﬁcant
eduction (about 1.5 fold) in the concentration of mercury in the
air.
Proper training of dental clinic staff on the risks of handling
ercury and on good practice such as wearing appropriate pro-
ective clothing (gloves, masks, aprons, leg protectors, etc.) should
e undertaken in each dental clinic. Recommended procedures for
leaning of mercury spills should be applied (UNDP/GEF, 2010), spill
its should be available in each dental clinic using elemental mer-
ury, and amalgam waste should be collected and stored in labelled
losed containers before proper disposal.
Dental treatment procedures frequently cause bleeding and
xposure to infected blood, saliva aerosol and natural organic dust
articles which are known means of infectious disease transmis-
ion such as hepatitis B and C, HIV, herpes and viral respiratory
nfection (Szymanska, 1999). Routine use of gloves, masks and
pectacles help to prevent cross infection in dental clinics. How-
ver, special care should be paid to the management of their
isposal, to the disposal of any material in contact with them
nd to the disinfection of the room and instruments between
atients. Different techniques and protocols are used for infec-
ion control in healthcare centres and clinics including dental
ealthcare (Scully et al., 2007; Galli et al., 2006; November-Rider, Monitoring & Management 4 (2015) 1–5
et al., 2012). In this survey, the lack of training programs on
healthcare waste management was  highlighted: about one third
of the dental clinics did not operate according to local health and
safety requirements and around half did not provide protective
clothing and vaccinations for their staff. Training and adoption of
standard procedures should be established in all dental clinics and
healthcare waste management should be introduced in university
curricula for dentists. Vaccinations (as recommended by the Centre
for Disease Control and Prevention, Holmberg et al., 2012) should
be offered without charge for employees handling clinical wastes
who have not already been vaccinated against hepatitis, tetanus or
tuberculosis.
Harhay et al. (2009) revealed that health care waste raised chal-
lenges in several major cities and urbanizing regions of Africa, Asia
and the Middle East not only due to quantities of waste generated
but to their management. Healthcare waste management should be
tackled on two macro levels: capacity building and infrastructure.
Capacity building through staff training will improve the manage-
ment of this sector but this improvement cannot go far without
improving the infrastructure (Yager et al., 2008; Chitnis et al., 2003;
Diaz et al., 2005). Harhay et al. (2009) indicate that six of the ten
most populated countries (China, India, Brazil, Pakistan, Bangladesh
and Nigeria) are facing healthcare waste management burdens
resulting in placing approximately 50% of their population at an
environmental, occupational and public health risk.
Overall, the disposal of Lebanese dental clinic healthcare waste
in the municipal waste is not acceptable. Good management of
healthcare waste implies minimisation, segregation, reuse and
recycling. Minimisation involves not only reducing the use of haz-
ardous material but also removing non-hazardous waste from the
same container (segregation). For instance sharps, which were seg-
regated by only 28% of the surveyed dental ofﬁces, must be placed in
dedicated containers which should be rigid and puncture resistant.
Infectious waste or contaminated material, such as swabs or gloves
should not be discarded in the municipal waste as seems to be
the case in general, but in adequate containers properly identiﬁed,
labelled with the biohazard symbol, and transported in a manner
that prevents their release. After sterilisation, infectious waste can
be disposed of as non-infectious waste as recommended in Decree
13389. Expired pharmaceutical products must also be conﬁned to
colour-coded containers. X-ray wastes (X-ray ﬁxers, X-ray ﬁlms)
and lead foil should ideally be collected by a licensed company or
waste facility for material recovery. Since Lebanon is still lacking
infrastructure for management of non-infectious hazardous waste,
such waste will be stored and exported under the Basel Convention
as recommended by the Ministry of Environment until a solution
is available on the national level (Lebanese Law 387/1994). Seg-
regation might seem to be a costly system but it allows several
costs to be reduced: cost of spreading infectious diseases especially
HBV, cost of treating hazardous waste and cost of preventing pollu-
tion. The efforts made by the Lebanese government in the context
of the global healthcare waste project to educate healthcare pro-
fessionals and ﬁnd solutions for better management of healthcare
waste should be maintained and the results obtained with hospital
facilities should be extended progressively to all other healthcare
facilities including dental clinics. Collaboration with the syndicates
and the academic sector is also necessary in order to accomplish
the changes to healthcare waste management.
5. Conclusions
Healthcare waste management is a complicated issue requiring
training, awareness and ﬁnancial resources. This survey high-
lights the lack of waste management in dental clinics throughout
Lebanon. In general, dental waste is manipulated without pre-
caution and ends up in the municipal waste, and is therefore a
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on-negligible source of contamination and pollution. This high-
ights the need to deﬁne further guidelines, laws and regulations at
 national level. This should be done in parallel with the develop-
ent of more campaigns to educate dental healthcare professionals
n waste management, the extension of the system for healthcare
aste collection from hospitals to all healthcare facilities including
ental clinics, the reinforcement of accessibility to proper equip-
ent such as ﬁlters, separators and autoclaves, and by applying
he polluter payer principles. Introduction of waste management
n the mandatory curricula of higher education degrees dedicated
o dentistry is also of high importance as it can create good habits
n future dental care employees.
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